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PhannacOTtical use of l-azabicyclo[2.2.2]octaiies and a method of testing 
compounds for the ability of activating inactive wt p53. 

5 Field of the invention 

The present invention relates to the use of certain compounds, capable of transfer- 
ring wild type p53 from an inactive and non-functional conformation into its active 
conformation, for the preparation of a pharmaceutical composition for use in treat- 
ID ing medical conditions wherein wt p53 exists in an inactive state defined herein, 
and especially malignant melanoma. The invention also relates to a method of test- 
ing of compounds for the above-mentioned ability, wherein the level of inactive wt 
p53 is monitored. The method can be carried out both in intra and in vivo, 

15 Background art 

Although the tumour suppressor protein p53 is mutated in most human tumours, 
wild type (wt) p53 is dominant in malignant melanoma (HoUstein et al., Science, 
253: 49-53, (1991); Sparrow et al., Melanoma Res. 1995, 5: 93-100 (1995); and 
20 Hartmann et al., Int J cancer, 67: 313-317, (1996)) Petitclerc et al-. Cancer Res, 59: 
2724-2730 (1999)) found Mab LM609, a function-blocking monoclonal antibody di- 
rected to Qvps integrin, to block M21 melanoma growth by inducing tumour apop- 
tosis. 

25 Malignant melanoma are typically refractory to apoptosis induction by chemical 
drugs or radioactivity. 

Summary of invention 


30 


The present inventors have found certain compounds to be capable of inducing 
apoptosis in malignant melanoma cells, which compoimds are defined in claim 1 as 
having a structure according to the formula (J) 
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(I) 


15 wherein 

n is 0,1 or 2; 

Ri and R2 are the same or different and are selected from -H, -CHq-R^, -CHa-O-R^, 
-CH2-S-R5, -CHa-NH-Rs, -CO-O-RS, -CO-NH-Rs, -CHa-NH-CO-RS, 
-CH2-0-CO-R5, -CH2-NH-CO-NHR5, -CH2-NH-CO-OR5, -CHa-NH-CS-NHRs and 
20 -CH2-O-CO-NHR5; 

or Ri and R2 are together =CH2; 

R3 and R'^ are the same or different and are selected from H, -OH, -SH, -NH2, -NHRs 
and 

-O-CO-CeHs; 

25 or R3 and together are =0, =S, =NH or =NR5; 

R5 represents the same or different groups selected from H, substituted or non- 
substituted CI to CIO alkyl, C2 to CIO alkenyl, C2 to CIO alkynyl, substituted or 
non-substituted C3 to C12 cycloalkyl, substituted or non-substituted ben2yl 
groups, substituted or non-substituted giryl or mono-, bi-, tricyclic unsubstituted or 

30 substituted heteroaromatic ring(s) with one or more heteroatoms and non-aromatic 
heterocycles wherein 

the substituents of the substituted groups are selected from CI to CIO alkyl, C2 to 
CIO alkenyl, C2 to CIO alkynyl, halogen, substituted or non-substituted aryl, sub- 
stituted or non-substituted hetero-aromatic compounds, non-aromatLc heterocy- 
35 cles, CI to CIO alkyloxy, CI to CIO alkylamino, C2 to CIO alkenylamino, C2 to CIO 
alkynylamino, COR^, CONR6 and COOR6; 

R6 is selected from H, unsubstituted or substituted CI to CIO alkyl, C2 to CIO al- 
kenyl or alkynyl, benzyl, aryl, unsubstituted or substituted heteroaromatic rings 
with one or more hetero-atoms and non-aromatic heterocycles; 
40 R7 and R^ together form a bridging CH2-CH2 moiety; or 
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R7 and are both hydrogen; as well as pharmaceutically acceptable salts or prod- 
rugs of the compounds of formula (I). 

Where cyclic, the alkyl group is preferably C5 to CIO, most preferably C5-C7. 
5 Where acyclic, the alkyl group is preferably CI to C6, more preferably methyl, ethyl, 
propyl (n-propyl, isopropyl), butyl (branched or unbranched) or pentyl, and most 
preferably methyl. 


As used herein, the term "aryF means an aromatic group, such as phenyl or 
10 naphthyl, or a mono-, bi-, or tricyclic heteroaromatic group containing one or ore 
heteroatom(s) preferably selected from N, O and S, such as pyridyl, pyrrolyl, qxiino- 
linyl, furanyl, thienyl, oxadiazolyl, thiadiazolyl, thiazolyl, oxazolyl, pyrazolyl, tria- 
zolyl, tetrazolyl, isoxazolyl, isothiazolyl, imidazolyl, pyrimidinyl, indolyl, pyrazinyl, 
indazolyl, pyrimidinyl, thiophenetyl, pyranyl, carbazolyl, acridinyl, quinolinyl, ben- 
15 zimidazolyl, benzoimidazolyl, benzthiazolyl, purinyl, azapurinyl, cinnolinyl, pter- 
dinyl. 

As used herein, the term "functional groups'* means in the case of unprotected: hy- 
drojqr-, thiolo-, aminofunction, carboxylic acid and in the case of protected: lower 
20 alkoxy, N-, 0-, S- acetyl, carboxylic acid ester. 

As used herein, the term "heteroaryr means an aromatic group containing one or 
more heteroatom(s) preferably selected from N, O and S, such as pyridyl, pyrrolyl, 
quinolinyl, furanyl, thienyl, oxadiazolyl, thiadiazolyl, thiaizolyl, oxazolyl, pyrazolyl, 
25 triazolyl, imidazolyl, pyrimidinyl, indolyl, pyrazinyl or indazolyl. 

As used herein, the term "non-aromatic heterocycle" means a non-aromatic cyclic 
group containing one or more heteroatom(s) preferably selected from N, O and S, 
such as a cyclic amino group such as p3n:Tolidinyl, piperidyl, piperaizinyl, mor- 
30 pholinyl or a cyclic ether such as tetrahydrofuranyl, monosaccharide. 


As used herein the term "halogen" means fluorine, chlorine, bromine or iodine, of 
which chlorine generally is preferred. 
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As used herein, and unless specified otherwise, the term ^^substituted" means that 
the concerned groups are substituted with functional group such as hydroscyl, 
amine, sulfide, silyl, carboxylic acid, halogen, aryl, etc. 

5 A presently preferred group of compounds are those represented by the formula II 



wherein: 

10 Ri and R2 are independently selected from hydrogen, hydroxymethyl, or 

a methylene group linked to the nitrogen atom of an amine-substituted phenyl 
group, to a nitrogen atom contained in the ring structure of a purine, 8-azapurine, 
or benzimidazol residue, or Ri and R2 may together represent a double bonded me- 
thylene ^oup, and; 

15 R3 and R4 are independently selected from hydrogen, hydrojcyl, and 

benzoyloxy, or R3 and R4 may together represent an oxygen atom being double 
bonded, with the proviso that when either of R3 and R4 is a benzoyloxy group, both 
Ri and Ra.are hydrogen. 

20 In the compoxmds of formula n above, the phenyl group or the nitrogen-containing 
ring structure of RI, and the benzoyloxy group of either of R3 and R4 can optionally 
be substituted, such as for example with halogen, methyl, metho3^, amino and/ or 
halomethyl containing 1-3 halogen atoms. 

25 A compound of the invention may be in free form, e.g., amphoteric form, or in salt, 
e.g., acid addition or anionic salt, form. A compound in free form may be converted 
into a salt form in an art-known manner and vice versa. 

Same compounds are also believed to be capable of inducing apoptosis in angio- 
30 genie vascular cells during angiogenesis, thereby inducing regression of angiogenic 
blood vessels and blocking various disease states dependent on blood vessel forma- 
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tion and/or vascular cell survival, including the growth and metastasis of various 
human tumours; adult blindness, e.g. caused by diabetic retinopathy or macular 
degeneration; psoriasis; states of chronic inflammation, e.g. rheumatoid arthritis; 
hemangioma; and obesity. 

5 

In one aspect the present invention provides a method of treating malignant mela- 
noma and/ or inhibiting undesired angiogenesis, comprising administrating to a 
mammal in need thereof a pharmaceutically efficient amount of a compound se- 
lected from compounds having a structure according to the formula I. 

10 

The present inventors have also found a previously unknown and most unexpected 
inactive conformation state of wt p53 protein in tumour cells. The inactive wt p53 
conformation has now been found in malignant melanoma cells. More importantly, 
said inactive wt p53 conformation can be reverted into a functional active confor- 

15 mation, capable of inducing apoptosis. Based on these findings, the present inven- 
tion, in another aspect, provides a method of testing substances for their ability in 
transforming inactive wt p53 conformation into an active wt p53 conformation, and 
. thus for finding suitable substances for treating malignant melanoma. The method 
is defined in claim 6. Since same inactive wt p53 conformation also is believed to be 

20 present in angiogenic vascular cells during angiogenesis, same substances are also 
thought to be useful in inhibiting angiogenesis in pathological conditions known to 
involve angiogenesis. 

Brief description of the attached drawings 

25 

FIGURE 1 A shows the percentage of apoptotic cells as function of time in human 
melanoma cells M21 expressing integrin UvPs and M21L lacking integrin UvPa. 
FIGURE IB shows the percentage of apoptotic cells as function of time in human 
melanoma cells MO, lacking integrin OvPa; M0-2baV, MO cells overexpressing a 
30 chimer of the extracellular domain of the integrin lib subunit with the cytoplasmic 
tail of the integrin aV subxmit; and MO-aV cells expressing high levels of the in- 
tegrin aV subunit. 

FIGURE IC illustrates the cell surface e3cpression of integrin QvPa and the integrin 
Pa subunit in different human melanoma cell lines. 
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FIGURE ID shows the results of an analysis for cleavage of caspase-8 and caspase- 
9. 

FIGURE 2A; upper panel depicts the specific p53 DNA binding activity in M2 1 and 
M21L cells collected from 3D-collagen using an electrophoretic gel shift assay 
5 (EMSA) with a p53 supershift using Pab 421; Lower panel presents the protein lev- 
els of p53 as compared to actin as a loading control. 

FIGURE 2B, same as figure 2A upper panel, but with MO and MOav cells. 
FIGURE 2C shows acetylation of p53 at lysine 382 and the protein levels of PUMA, 
Apafl, Bax and Bcl-in M21 (av+) and M21L (av-) cells after culture in 3D-collagen 

10 for up to 7 d in 3D collagen were detected by Western blotting. 

Data shown in FIGURE 2D represents Pab 1620 and Pab 240 reactivity as percent- 
age of DOl reactivity (total p53) in M21 (avPa+l cells and M21L (avpa-) cells. 
FIGURE 3A upper panel shows the percentage of apoptotic cells in M21 cells 
(avP3+), M21L cells (QvPa-) and a number of clones of M21L cells (Ovpa-) stably trans- 

15 fected with a dominant negative p53-Hisl75, including M21Lp53His 175-0, 

M21Lp53Hisl75-l, M21Lp53His 175-8 and M21Lp53His 175-32. Lower panel shows 

p53 DNA binding activity in these clones after 5 d in 3D collagen. 

FIGURE 3B illustrates tumour growth in vivo of cells used in Figure 3A. 

FIGURE 3C the graph displays values of mean tumour volumes over time out of 5-7 

20 animals for each tumour cell type shown in the Figure. 

FIGURE 3D depicts a bar graph showing the tumour wet weights after 25 d of tu- 
mour growth in mice of M21, M21L, M21Lp53His 175-0 and M21Lp53Hisl75-8. 
FIGURE 3E M21 (av+), M21L (av-) and six individual M21L p53siRNA clones 
{Lp53siRNA) melanoma cells were cultured in 3D-collagen for the indicated times. 

25 Apoptosis was detected by Annexin-V staining. The blots for p53 and actin protein 
levels are shown in the vertical display for the cells indicated immediately to the left 
of each lane. The displayed results are representative among three independent ex- 
periments. 

FIGURE 4A shows the results of examination of p53 conformation with Pab 1620 
30 and Pab240 in M21 and M21L melanoma cells incubated with or without 100 ^M of 
PRIMA- 1 for 5d. 

Figure 4B upper panel shows the results of examination of p53 conformation with 
Pab 1620 and Pab 240 in AA melanoma cells under 2D culture conditions (d 0) and 
after 5 d within 3D collagen. Lower panel displays examination of the p53 confor- 
35 mation after 5 d in 3D collagen with or without 100 |iM PRIMAL 
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Figure 4C upper panel shows quantification of apoptosis by Annexin V staining in 
M21 melanoma cells after 16, 24, 36, and 48 h in 3D collagen with or without 
treatment with 100 |jM PRIMA- 1. Lower panel shows the results of the same treat- 
ment under two-dimensional culture conditions. 

FIGURE 4D shows M21 human melanoma tumours grown s.c. in nude mice treated 
with a single injection of PRIMA- 1, lysed and analyzed for acetylation of p53 at ly- 
sine 382, phosphorylation of p53 at Ser 15 and the protein levels of PUMA, Apafl 
and by Western blotting 24 and 36 h after PRIMA- 1 injection. 
FIGURE 4E shows that caspase 9, but not Caspase 8, is activated by PRIMA- 1 in 
M21 melanoma tumors treated as described in Figure 4D. 

FIGURE 4F shows that PRIMA- 1 induced apoptosis is blocked by the caspase 9 in- 
hibitor Z-LEHD-FMK x TFA (C1355) in 3D-collagen 

FIGURE 4G upper panel shows mean tximour volumes over time of M21 human 
melanoma cells grown in C57/BL nude mice treated with or without PRIMA-1 (100 
mg/kg) for 6 d. Lower panel shows mean tumour volumes over time of C8161 hu- 
man melanoma cells grown in the C57/BL nude mice treated with or without 
PRIMA-1 (100 mg/kg) for 6 d. 

In FIGURE 4H, the tumour wet weights after 25 d of M21 melanoma tumour forma- 
tion with or without PRIMA-1 treatment as described in Fig. 4G are displayed. 

Detailed description of the invention 

p53 is mutated in most human tumours, but the rare p53-mutation frequency in 
malignant melanoma is puzzling. However, malignant melanoma express high levels 
of integrin OvPa, an integrin that promotes melanoma cell survival (Montgomery et 
al., PNAS 91: 8856-8860 (1994); Petitclerc et al; 1999; Hsu et al., Am J Pathol 153: 
1435-1442 (1998)) and suppresses p53-activity in endothelial cells (Stromblad et 
al., J. Clin, Invest 98:426-433 (1996); Stromblad et al., J. Biol Chem. 277: 13371- 
13374 (2002)). The present inventors now suggest that integrin Uvpa suppresses 
melanoma wt p53-activity via induction of a previously unknown inactive, unfolded 
wt p53-conformation. In tumor cells, said integrin QvPa-regulated p53-activity has 
been found to govem melanoma ceU survival and tumour growth. Dominant nega- 
tive p53 (His 175) as well as p53siRNA was found to restore cell survival and tumor 
growth of melanoma cells lacking integrin OvPa, suggesting that the integrin- 
mediated inactivation of p53 controls melanoma cell survival. The compound 2,2- 
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bis(hydroxyinethyl)-l-azabicyclo[2.2.2]octan-3-one, also referred to as PRIMA- 1, 
previously known from WO0224692 to have the ability to revert mutant p53- 
conforrQation to an active state, surprisingly restored the active conformation of wt 
p53 in melanoma cells, induced apoptosis and blocked melanoma tumor growth in 
5 a wt p53-dependent manner. These results may explain the lack of need for p53- 
mutations in malignant melanoma, and points to a novel principle for melanoma 
therapy. 

Stromblad, S. et al. in J. Clin. Invest 98:426-433 (1996), cited above, the contents 
10 of which is incorporated in its entirety herein by reference, reported that prolifera- 
tive endothelial cells become apoptotic in response to antagonists of integrin OvPa. 
leading to the regression of angiogenic blood vessels, and thereby blocking the 
growth of various human tumours, and that the blocking of integrin Ovpa lead to ac- 
tivation of p53. 

15 

Based on the findings reported in the above paper, and the findings disclosed in the 
present application, the inventors also believe the present compounds to be capable 
of inducing apoptosis in proliferative endothelial cells during angiogenesis, thereby 
inducing regression of angiogenic blood vessels and blocking various disease states 

20 dependent on blood vessel formation and/ or vascular cell survival, including the 
growth and metastasis of various human tumours; adult blindness, e.g. caused by 
diabetic retinopathy or macular degeneration; psoriasis; states of chronic inflam- 
mation, e.g. rheumatoid arthritis; hemangioma; and obesity. Consequentiy, the 
same inactive wt p53 conformation as disclosed herein is also believed to be present 

25 in such proliferative endothelial cells during angiogenesis. 

While the inactive conformation of wt p53 in melanoma cells is believed to be in- 
duced by the integrin OvPa, the mechanism underlying the induction of any similar 
inactive wt p53 states in other tissues could be different. However, since the actual 
30 mechanism of action of the present compounds is not fully understood, it is also 
conceivable that the same compounds could be useful for treating other pathologi- 
cal conditions wherein inactive wt p53 is present. 

Substances useful in treating other pathological conditions wherein inactive wt p53 
35 is present can be found by means of the generic method of the present invention. 
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As used herein, the term "inactive wt p53 conformation" is used interchangeably 
with the term "inactive, unfolded wt p53 conformation" to designate a conformation 
of wt p53 which is reactive with the monoclonal antibody Pab 240, but does not re- 
5 act with the monoclonal antibody Pab 1620. Furthermore, the inactive conforma- 
tion also has the ability of being transformed into an active wt p53 conformation by 
means of the above chemical compoxmd designated PRIMA- 1. Inactive wt p53 con- 
formation is further characterized as being incapable of binding to DNA, and inca- 
pable of mediating apoptosis. 

10 

Pab 240 has previously only been known to be reactive with mutant p53 xmder 
non-denaturing conditions, while being equally reactive with mutant p53 and wt 
p53 xinder denaturing conditions. However, the present inventors have now found 
Pab 240 also to be reactive to the inactive state of wt p53, defined herein, under 
15 non-denaturing conditions. 

Integrin QvPs plays a critical role for cutaneous melanoma progression displaying 
increased expression in the vertically growth phase melanoma lesions compared to 
more benign radial growth phase lesions (Albeda et al., Cancer Res. 50: 6757-6764 

20 (1990)). In experimental models, expression of integrin OvPa promotes melanoma cell 
survival, tumour growth and conversion from radial to the vertical growth phase 
while blocking of integrin OvPa inhibits melanoma tumour growth by inducing apop- 
tosis (Felding-Habermann, J Clin Invest 89: 2018-22 (1992); Petitclerc et al., 1999; 
Hsu et al., 1998), implicating that integrin Uvpa functionally regulates melanoma 

25 cell survival. Indeed, integrin OvPa has also been found to promote melanoma cell 
survival in a 3-dimensional environment in vitro (Montgomery et al., 1994). But, it 
is still unclear how integrin UvPa can control melanoma cell survival. 

The tumour suppressor protein p53 functionally induces apoptotic cell death in re- 
30 sponse to various types of. stresses (Oren, Cancer BioL 5: 221-227 (1994); Ko and 

Prives, Genes Dev. 10: 1054-1072 (1996); Levine, Cell 88: 323-331 (1997)). Activated 
p53 can trigger apoptosis via two pathways (Vousden, Cell 103: 691-694 (2000)). 
One of them is associated with death receptors and activation of caspase-8 (Ashke- 
nazi and Dixit, Science 281: 1305-8 (1998)), while the other apoptosis pathway is 
35 mediated through mitochondrial cytochrome c release and subsequent activation of 
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Apafl and caspase-9 (Green and Reed, Science 281: 1309-12 (1998)). Fxirthermore, 
p53 acts as a specific DNA binding protein to activate or repress expression of a va- 
riety of genes, including transcriptionally activating bax (Miyashita et al., Cell 80: 
293 (1995)), PIG3 (p53-inducible gene 3, Venot et al., EMBOJ. 17: 4668-79 (1998)), 
PUMA (p53 upregulated modulator of apoptosis, Nakano and Vousden, Mbl Cell 7: 
683-694 (2001)), and Apaf-l(apoptotic protease-activating factor 1; (Vousden and 
Lu, 2002)) and transcriptionally repressing bcl-2 (Zhan et al., Oncogene 9: 3743-51 
^994)1. These downstream targets are functionally involved in certain p53-mediated 
apoptotic processes. 

A new mechanism for p53-induced apoptosis acting directly on the mitochondrial 
membrane has recently been reported by Mihara, A. et al in "p53 has a direct apop- 
togenic role at the mitochondria", Molecular Cell, published 27 January 2003. In ac- 
cordance therewith, p53, by moving rapidly to the mitochondria, effectively *jump 
starts' and amplifies its slower-starting transcription-dependent effect on apoptosis. 

In addition, an antagonist of integrin OvPa induces proliferative endothelial cell apop- 
tosis, which is associated with activation of p53 (Stromblad et al., 1996; Stromblad 
et al., 2002). Although p53 is mutated in most human tumors, wt p53 is dominant 
in malignant melanoma (HoUstein et al., 1991; Sparrow et al., 1995; Hartmann et 
al., 1996). In addition, malignant melanoma are typically refiractory to apoptosis in- 
duction by chemical drugs or radioactivity. 

Experimental ^ 

In order to demonstrate that integrin QvPa-mediated regulation of p53 regulates 
melanoma cell survival, the following experimentation, which will be described in 
more detail hereinafter, was performed. First, M21 human melanoma cells express- 
ing integrin OvPa, and the M21L subpopulation lacking integrin UvPa. were analyzed 
in a 3-dimensional collagen model mimicking the pathophysiological dermal envi- 
ronment. It was found that integrin UvPa inhibited p53 activity by inducing an inac- 
tive wt p53 conformation. Furthermore, overexpression of a dominant negative p53 
mutant (His 175) or p53 siRNA restored M21L (Ovpa-) cell survival and tumour 
growth, suggesting that p53 is a key target for integrin Ovpa promoting melanoma 
cell survival. Importantiy, PRIMA- 1 could restore the active conformation of wt p53 
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in M21 cells and thereby induce melanoma cell apoptosis and suppress melanoma 
tumour growth. These results reveal a novel principle for treatment of melanoma by 
reactivation of wt p53. 

5 Integrin Ovps promotes melanoma cell survival 

With reference to Figure lA, the maternal human melanoma ceUs M21, expressing 
integrin CvPs, and a subpopiilation, M21L, lacking integrin UvPa. were cultured in a 
three-dimensional collagen gel (3D-collagen). At indicated times, apoptosis was de- 
10 tected by FITC-Aimexin-V staining. FACS analysis showed that M21L cells lacking 
Qvps became apoptotic to a much higher degree than M21 cells (avP3+), suggesting 
that integrin Uvpa expression is critical for melanoma cell survival. 

The maternal human melanoma cells MO, lacking integrin Qvpa; M0-2baV, MO cells 
15 overexpressing a chimer of the extracellular domain of the integrin lib subunit with 
the cytoplasmic tail of the integrin aV subunit; and MO-aV cells expressing high 
levels of the integrin aV subunit, were cultured in a 3D-collagen, At indicated 
times, apoptosis was examined by FITC-Annexin-V staining. As shown in Figure 
IB, FACS analysis showed that MOaV cells (expressing Uvps) survived well while 
20 both MO and M02baV cells underwent apoptosis to a higher degree at all time 

points. This indicates that the integrin aV-subunit extracellular ligand binding part 
is important for melanoma cell survival. 

Cell surface expression of integrin QvPs and the integrin Pa subunit was analyzed in 
25 the human melanoma cell lines M21, M21L, MO, MO-aV and M0-2baV stained with 
anti-Qvps Mab LM609 and anti-pa Mab AP3, respectively. As can be seen from Fig- 
ure IC, FACS analysis showed that both QvPa and the Pa subunit were expressed in 
all M21 and MOaV cells but rarely expressed in M21L and MO cells. While integrin 
Pa was expressed in virtually all M0-2baV cells, integrin UvPa was not present, 

30 

It has been suggested that unligated integrin Ovpa might cause apoptosis by direct 
induction of caspase-8 cleavage (Stupack et al, J. Cell Biol 155: 459-470 (200 1)). 
Therefore, lysates prepared from M21 and M21L cells out of 3D-collagen after 3, 5 
and 7 days were analysed by Western blotting for cleavage of caspase-8 and cas- 
35 pase-9. With reference to Figure ID, no cleavage of caspase-8 in these melanoma 
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cells was observed, while a control with cydoheximide-treated Jurkate cells dis- 
played caspase-8 cleavage. However, caspase-9 was cleaved to a higher degree in 
M21L cells (QvPs -) as compared to M21 (avP3+) cells, indicating that lack of integrin 
QvPa caused apoptosis in M21L cells and that this apoptosis might be mediated by a 
5 mitochondrial apoptotic pathway involving caspase-9 but did not involve any de- 
tectable activation of caspase-8. 

Integrin Ovps induces an unfolded conformation of wt p53 and suppresses wt 
p53 activity 

10 

The specific p53 DNA binding activity was examined in M21 and M21L cells col- 
lected from 3D-collagen using an electrophoretic gel shift assay (EMSA) with a p53 
supershift using Pab 421. The p53 activity was similar in M21 and M21L cells at 
day 0. However, as shown in upper paael of Figure 2A, M21L cells lacking integrin 
15 QvPa displayed an increased p53 activity after culturing in 3D-coUagen while M21 
cells (QvPs +) did not. 

The protein levels of p53 were analyzed by Western blotting using anti-p53 Pab, 
With reference to lower panel of Figure 2A, the p53 protein levels in M21 and M21L 
20 cells showed no difference within 7 d in 3D-coUagen (examination performed on day 
0, 3, 5 and 7). The levels of actin were examined as a loading control. This indicates 
that integrin QvPs regulates p53 activity without influencing p53 protein levels. 

The specific p53 DNA binding activity was examined in MO and MOaV cells after in- 
25 cubation within 3D-collagen for 5 and 7 days, respectively. The EMSA assay 

showed that the p53 activity was higher in MO ceUs lacking integrin OvPa than that 
in MOaV cells (avp3+) (see Figure 2B). This verifies the role for integrin avpa regulat- 
ing melanoma cell p53 activation state in a second cell system. 

30 Acetylation of p53 at lysine 382, a known acetylation site for p53 activation was ex- 
amined by Western blotting using anti-acetylation p53-L382 pab. As can be seen 
from Fig. 2C, the levels of acetylated p53 were reduced in M21 cells (avp3+) as com- 
pared to M21L cells (Ovpa-), while total p53 levels remained the same. Furthermore, 
PUMA was upregulated in M21L (Ovpa-) cells in parallel! with p53 activation, but not 
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in M21 (avP3+) cells, indicating that the p53 activity might transcriptionally activate 
PUMA. 

With reference to Figure 2D, the conformation of p53 was analyzed by ELISA using 
5 Pabl620 recognizing the active, folded p53 conformation; Fab 240 recognizing an 
inactive, unfolded p53 conformation and; DOl recognizing both folded and un- 
folded p53 conformations. Data shown in Figure 2D represents Pab 1620 and Pab 
240 reactivity as percentage of DOl reactivily (total p53). It was found that both 
M21 cells (avP3+) and M21L (ovPa-) displayed an active p53 conformation in regular 

10 two-dimensional culture (day 0). However, p53 switched to an inactive unfolded p53 
conformation after incubation in SD-coUagen-incubated M21 cells (avPs+l, while 
M21L (qvPs-) maintained an active p53 conformation. This suggests that integrin 
Qvpa regulates wt p53 conformation in melanoma cells in a pathophysiological 3- 
dimensional environment and that the lack of p53-activity in cells expressing in- 

15 tegrin UvPais caused by an unfolded, inactive p53-conformation. 

Integrin QvPs-regulated p53 controls melanoma cell survival and melanoma 
tumor growth 

20 M21L cells (uvPa-) were stably transfected with a dominant negative p53-Hisl75 and 
a number of clones, including M21Lp53His 175-0, M21Lp53His 175-1, 
M21Lp53His 175-8 and M21Lp53Hisl75-32 were identified by examining p53 activ- 
ity using EMSA after incubation in 3D-collagen for 5 d. The p53 activity in these 
clones was reduced to a similar level as in M2 1 cells expressing QvPs (lower panel in 

25 Figure 3A). The M21L-p53Hisl75 clones, M21L and M21 cells were incubated 
within 3D-collagen and apoptosis was examined by FITC-Annexin-V staining at 
times indicated in Figure 3A. FACS analysis showed that the number of apoptotic 
cells was lower in the M21L carrying dn p53 clones as compared to M21L, and that 
the rate of apoptosis in the M21L-dnp53 clones was similar to that in M21 cells ex- 

30 pressing integrin Uvpa, indicating that the over-expression of dominant negative p53 
could rescue M21L cells from apoptosis to a similar degree as expression of integrin 
QvPs itself. 

Role of integrin-regulated p53 in melanoma tumour growth was investigated in 
35 vivo. Results are shown in Figure 3B. Melanoma cells (1 x 10^), including M21L, 
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M21 and M21L-dn p53 clones M21Lp53His 175-0 and M21Lp53His 175-8, were in- 
jected s.c, into the back of 6-week-old C57/BL nude mice. Each type of injected cell 
lype included 7 mice. The tumours were allowed to grow for 25 d. Tumours were 
found to be formed by M21Lp53ffis 175-0, M21Lp53His 175-8, and M21 cells 
5 (avp3+), while M2 IL cells lacking integrin Ovps typically did not form tumours within 
this time. 

Tumour volumes were monitored for melanoma growth, as described in the preced- 
ing paragraph. Tumour volume over time was determined by the formula: widths x 

10 length X 0,52. With reference to Figure 3C, the displayed values are mean tumour 
volumes out of 5-7 animals for each tumour cell type. In the Figure, ♦ represents 
M21; □ M21L; ▲ Lp53Hisl75-0; and ^ Lp53Hisl75-8. M21Lp53His 175-0 and 
M21Lp53His 175-8 formed large tumours similar in size to M21 tumours. However, 
M21L cells lacking integrin UvPa typically grew only minimal or developed no tu- 

15 mours. 

Bar graph showing the mean values plus minus S.D. tumour wet weights of M21, 
M21L, M21Lp53His 175-0 and M21Lp53Hisl75-8 are contained ia Figure 3D. Cells 
were grown s.c. in nude mice for 25 d as described in Fig 3B. 

20 

M21L cells (QvPs-) were stably transfected with p53-siRNA and a number of clones, 
including M21Lp53siRNA16, M21Lp53siRNA17, M21Lp53siRNA18, 
M21Lp53siRNA19, M21Lp53siRNA21, and M21Lp53siRNA22, were identified by 
examining p53 protein levels using Western blot, (vertical panel in Figure 3E). The 

25 M21Lp53siRNA clones, M2 IL and M21 cells were incubated within 3D-coUagen and 
apoptosis was examined by FITC-Annexin-V staining at times indicated in Figure 
3E. FACS analysis showed that the number of apoptotic cells was lower in the 
M21L carrying dn p53 clones as compared to M21L, and that the rate of apoptosis 
in the M21L-p53siRNA clones was similar to that in M21 cells expressing integrin 

30 avp3, indicating that the over-expression of p53siRNA could rescue M21L cells from 
apoptosis to a similar degree as ejqpression of integrin OvPs itself. 

E^mple 
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In this example it will be demonstrated that PRIMA- 1 induces an active p53 con- 
formation in integrin Cvpa positive melanoma cells, induces p53 transcriptional tar- 
gets, promotes melanoma cell apoptosis, induding specific Caspace activation, and 
suppresses melanoma tumour growth in vivo. 

5 

PRIMA- 1 is a substance known from WO0224692 to be able to reactivate the apop- 
tosis-indudng function of mutant p53 proteins. To test if PRIMA- 1 could affect also 
the unfolded, inactive conformation of wt p53 in melanoma cells enforced by in- 
tegrin avp3, M21 cells (avp3+) and M21L cells (ovPa-) were incubated with or with- 

10 out 100 |LiM PRIMA- 1 in 3D-collagen for 7 d. The p53 conformation was examined 
as described above. The results are presented in Figure 4A. As can be seen, PRIMA- 
1 covild restore active p53 conformation from an unfolded inactive state in M21 
cells (av33+), while the p53 conformation in control M21L cells (OvPa-) was not influ- 
enced by PRIMA- 1 . This demonstrates in an independent way that wt p53 in mela- 

15 noma cells can undergo conformational changes between unfolded and folded 

states. More importantly, these results surprisingly indicates that wt p53 unfolded 
conformation ia melanoma cells can be reverted to active conformation by PRIMA- 1. 
To this end, p53 conformation was also analyzed in AA human melanoma cells ex- 
pressing avpS integria and wt p53 before and after incubation within 3D collagen 

20 (Figure 4B). The results in the upper panel show that p53 in AA cells had an active 
conformation under 2D culture conditions (day 0) and that incubation within 3D 
collagen induced an inactive conformation. However, importantly, lower panel 
shows that treatment of AA melanoma cells with PRIMA- 1 enforced p53 into an ac- 
tive conformation within 3D collagen. This shows that PRIMA- 1 can be used to con- 

25 vert wt p53 from inactive to an active conformation in different melanoma cells. 

Apoptosis was analyzed in M21 cells grown under 2D culture conditions or within 
3D-collagen with or without PRIMA- 1 treatment for 16, 24, 36 and 48 h. Results 
are shown in Figure 4C. PRIMA- 1 promoted apoptosis in M21 cells (av|33+) within 
30 3D coUagen to a much higher degree than in 2D culture, suggesting that regulation 
of the p53 activation state controls melanoma cell survival selectively within 3D en- 
vironments. This also verifies the results using dn p53 and p53-siRNA (Fig 3) in an 
independent manner. 
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Figure 4D shows acetylation of p53-Lys382, phosphorylation of p53-Serl5, and 
protein levels of Apaf- 1, PUMA and Bax in M21 human melanoma cell tumors 
grown in nude mice 24 h and 36 h after a single injection of PRIMA- 1, all detected 
by Westem blot. The resvQts show that PRIMA- 1 induces p53 actetylation as well as 
5 Apaf-1 and PUMA protein levels in melanoma tumors in vivo. Thus, acetylation of 
p53-Lys382 is potentially involved in p53 activation by PRIMA- 1, while Apaf-1 and 
PUMA are potential downstream mediators of PRIMA- 1- and p53-induced mela- 
noma cell apoptosis in vivo, 

10 Figure 4E shows activation of Caspase 9, but not Caspase 8, in M21 human mela- 
noma cell tumors grown in nude mice 24 h and 36 h after a single injection of 
PRIMA- 1, detected by Westem blot. The reults show that PRIMA- 1 induces. Cas- 
pase 9 is therefore a potential downstream effector of PRIMA- 1- and p53-mduced 
apoptosis inmelanoma cells in vivo. 

15 

Figure 4F shows detection of apoptosis by Axmexin-V staining of M2 1 emlanoma 
cells after 36 h within 3D collagen with or without 80 of PRIMA- 1 with or 
withour the Caspase-9 inhibitor Z-LEHD-FMK x TFA (CI 3 55). The results show 
that PRIMA- 1 induces melanoma cell apoptosis in 3D collagen may be dependent 
20 on active Caspase 9 as a downstream mediator. 

To test if restoration of an active wt p53 conformation by PRIMA- 1 could also in- 
duce melanoma cell apoptosis in vivo and thereby block melanoma tumour growth, 
M21 and C8161 melanoma cells (1,5 x 10^) were injected s.c. into the back of 6- 

25 week-old C57/BL nude mice. The mice were treated with or without PRIMA- 1 (100 
mg/kg) for 6 d starting 6 d after tumour innoculation. The graph in Figure 4G 
shows mean tumour volumes calculated as described above for four mice in each 
group. PRIMA- 1 significantly inhibited M21 melanoma growth as compared to PBS 
control while having no effect on C8161 melanoma growth. Given that C8161 cells 

30 have a truncated, \mfunctional p53 while M21 cells carry wt p53, the results show 
that the effect of PRIMA- 1 on melanoma growth is dependent on functional p53. 

In Figure 4H, the mean of tumour wet weights plus/minus S.D. after 25 d of mela- 
noma tumour formation with or without PRIMA- 1 treatment as described in Fig. 4G 
35 are displayed. The finding that PRIMA- 1 can suppress tumour growth of melanoma 
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cells carrying wt p53 points to a novel principle for treatment of malignant mela- 
noma by re-activating an inactive conformation of wt p53, which was kept inactive 
by integrin Ovpa. 

5 Based on these unexpected findings the present inventors also esq^ect structural 
analogues of PRIMA- 1, such as PRIMA-2 and PRIMA-3, which have been described 
in WO0224692, as well as further analogues of PRIMA- 1 described in Intemational 
Patent Application No. PCT/SE03/ 00206 (not published) to exhibit similar activity 
asPRIMA-1. 

10 

Examples of pharmaceutically acceptable addition salts for use in the pharmaceuti- 
cal compositions of the present invention include those derived firom mineral acids, 
such as hydrochlorid, hydrobromic, phosphoric, metaphosphoric, nitric and sul- 
phuric acids, and organic acids, such as tartaric, acetic, citric, malic, lactic, fu- 

15 marie, benzoic, glycolic, gluconic, succinic, and arylsulphonic acids. The pharma- 
ceutically acceptable excipients described herein, for example, vehicles, adjuvants, 
carriers or diluents, are well-known to those who are skilled in the art and are 
readily available. The pharmaceutically acceptable carrier may be one which is 
chemically inert to the active compounds and which have no detrimental side ef- 

20 fects or toxicity under the conditions of use. Pharmaceutical formulations are found 
e.g. in Remington: The Science and Practice of Pharmacy, 19th ed.. Mack Printing 
Company, Easton, Pennsylvania (1995). 

The composition according to the invention may be prepared for any route of ad- 
25 ministration, e.g. oral, intravenous, cutaneous or subcutaneous, nasal, intramus- 
cular, or intraperitoneal. The precise nature of the carrier or other material will de- 
pend on the route of administration. For a parenteral administration, a parenterally 
acceptable aqueous solution is employed, which is pyrogen free and has requisite 
pH, isotonicity, and stability. Those skilled in the art are well able to prepare suit- 
30 able solutions and numerous methods are described in the literature. A brief review 
of methods of drug delivery is also found in e.g. Langer, Science 249:1527-1533 
(1990). 

The dose administered to a mammal, particularly a human, in the context of the 
35 present invention should be sufficient to effect a therapeutic response in the mam- 


wo 2004/084893 


PCT/SE2004/000452 


18 

mal over a reasonable time frame. One skilled in the art will recognize that dosage 
will depend upon a variety of factors including the potency of the specific com- 
pound, the age, condition and body weight of the patient, as well as the 
stage/ severity of the disease. The dose will also be determined by the route (ad- 
5 ministration form) timing and frequency of administration. In the case of oral ad- 
ministration the dosage can vary from about 0.01 mg to about 1000 mg per day of a 
compound of formula (I) or the corresponding amount of a pharmaceuticaUy ac- 
ceptable salt thereof. 

10 Preferred specific examples of the compounds which can be used according to the 
present invention are 2,2-bis(hydroxymethyl)-l-azabicyclo[2.2.21octan-3-one (also 
referred to as PRIMA- 1), 9-(azabicyclo[2.2.2]octan-3-one)-6-chloro-9H-purine (also 
referred to as PRIMA-2), 2-(hydroxymethyl)quinuclidine-3,3-diol (also referred to as 
PRIMA-3), 2-(adenine-9-methylene)-3-quinuclidinone, 2-methylene-3- 

15 quinuclidinone, 2-(-2-£uxLino-3-chloro-5-trifluoromethyI- l-methylaniline)-3- 
quinuclidinone, 2-(6-trifluoromethyl-4-chlorobenzimidazole- l-methylene)-3- 
quinuclidinone, 2-(6-methoxypurine-9-methylene)-3-quinuclidinone, 2-(8- 
azaadenine-9-methylene)-3-quinuclidinone, l-sizabicyclo [2.2.2]oct-3-yl benzoate, 2- 
(5,6-dimethyl-benzimida2ole- l-methylene)-3-quinuclidinone, 2-(8-azaadenine-7- 

20 methylene)-3-quinuclidinone, 2-(7-methylene-l,3-dimethyluric acid)-3- 

quinuclidinone, or 2-(2,6-dichloro-9-methylenepurine)-3-quinuclidinone, or a 
pharmaceuticaUy acceptable salt thereof. 

According to the present invention, A more preferred group of compoimds are those 
25 having a structure as defined by the following formula III 



wherein 

30 one of Ri and R2 is hydrogen and the other is a methylene group linked to 

the nitrogen atom of an amine-substituted phenyl group, to a nitrogen atom con- 
tained in the ring structure of a purine, 8-azapurine, or benzimidazol residue, and. 
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more preferably the methylene group is linked to a nitrogen atom contained in the 
ring structure of a purine, 8-azapurine, or benzimidazol residue- 
More preferably, one of Rl and R2 in formula II and III is hydrogen, or both Ri and 
R2 are hydroxymethyl groups. 

The following compounds are believed to exhibit an activity similar or greater than 
that of PRIMA- 1: 2-(5,5-dimethyl-benzimidazole-l--methylene)-3-quinuclidinone, 2- 
(8-azaadenine-7-methylene)-3-quinucUdinone, 2-(7-methylene- 1 ,3-dimethyluric 
acid)-3-quinuclidinone, 2-(2,6-dichloro-9-methylenepurine)-3-quinuclidinone and 
2-(6-metho3qrpurine-9-methylene)-3-quinuclidinone. 

General procedure for testing substances for ability of transferring wild type 
p53 from its inactive conformation into an active conformation 

The inventive methods of testing substances are based on detection of wild type p53 
in inactive conformation, either in a direct or indirect manner, as will be explained 
below. 

In the methods of the present invention it is essential that only wild type and not 
mutant p53 is present. Accordingly, in any cells used in the method, only wild type 
p53 should be expressed, i.e. the p53 gene must not be mutated. Expression of wt 
p53 can readily be determined by the person skilled in the art using any suitable 
conventional methods, such as sequencing, mass spectroscopy, DNA-binding tests 
etc. 

Naturally, it is also essential that the inactive form of wt p53 is present during test- 
ing. The presence of the inactive form of wt p53 can then suitably be established in 
a direct manner by using Pab240. 

More particularly, the present inventors have found that wt p53 is inactivated un- 
der the following conditions: In melanoma cells cultured in vitro in a 3-dimensional 
environment, such as 3D collagen; in melanoma cells in tissue culture after irradia- 
tion with UV or gamma radiation, and; in melanoma cells grown in vivo in mice. The 
inventors also predict that wt p53 will take an inactive conformation in angiogenic 
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vascular cells during angiogenesis and that the wt p53 inactive conformation is also 
present in additional cell types and tissues and in other cases can be induced by 
other means of treatment. 

5 The method of monitoring any changes in the level of inactive wt p53 during testing 
is not critical according to the invention, as long as the method allows for detection 
of any substantial reduction in the level inactive wt p53 and a consequent induc- 
tion of active p53 levels. 

10 Based upon the above definition of the new inactive wt p53 state, and the present 
detailed description, the skilled person will be able to find suitable methods for de- 
tecting and/ or monitoring the level of inactive wt p53 using conmion general 
knowledge. Such methods will generally be based on measurement of wt p53 con- 
formation and/ or activity state, as will be explained below in further detail. 

15 

During testing, the level of inactive wt p53 can for example be established by using 
a suitable conformational-specific antibody, recognising only the inactive form, 
such as the above-mentioned Pab240. Since the total cellular level of wt p53 is 
formed by the combined levels of inactive p53 and active p53, respectively, meas- 

20 urement of the active p53 conformation can also be used as an indirect measure- 
ment of inactive p53, i.e. an absence of active p53 indicates that p53 is instead in- 
active. Measurement of the active p53 conformation can also be performed using a 
suitable conformational- specific antibody, such as Pab 1620. If desired, the total 
level of wt p53 can be measured by means of a suitable antibody, which does not 

25 discriminate between the inactive and active forms of wt p53, such as DOl. 

Of course, other direct or indirect parameters reflecting the activity state of wt p53 
could also be used. Accordingly, the activity state of wt p53 can for example be de- 
tected by measurement of p53-bidning to DNA, by absence of expression of reporter 

30 constructs, for example using GFP or lucif erase as reporters, by measurement of 
p53 target genes, as indicated in Figures 2C and 4D, e.g. PUMA-1, Apaf-1, PIG-3, 
GADD45, Mdm2, p21-CIPl, bax, bcl-2, and/or caspase-3, by using microarray- 
related techniques to analyse specific p53 target genes or gene expression patterns 
indicating p53 activity and/ or by measuring the capabiliiy of wt p53 to induce 

35 apoptosis and/ or growth arrest and/ or the activity of molecules involved in these 
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pathways upstream or downstream of p53, e.g. activation of caspase 9 and caspase 
3 as indicated in Figure 4E. 

Also, as indicated in Fig 2C and 4D, specific p53 acetylation could also be used as 
an indication of p53 activity. Likewise, phosphorylation of p53 is also conceivable 
as an indication of p53 activity. 

The use of antibodies is however presently preferred for being a practical and more 
direct method of detecting and monitoring inactive wt p53, especially when Pab240 
is used. 

The general method of testing substances for the ability of transferring wt p53 from 
an inactive conformation into an active conformation according to the present in- 
vention will thus include the following general steps: 

A. Providing cells carrying wt p53 wherein inactive wt p53 conformation is pre- 
sent; 

B. Exposing the cells to a substance to be tested; and 

C. Measuring the cellular level of inactive wt p53 conformation, for example by 
any of the above-mentioned methods. 

The above general method can be adapted to both in vitro or in vivo testing by ex- 
posing the cells in step B either in tdvo or in vitro to the substance to be tested, as 
will be readily understood hereinafter. 

Step C is typically performed both before and after e3q)osing the cell in step B to a 
substance to be tested. 

In vitro testing of substances for ability of transferring wild type pS3 from its 
Inactive conformation into an active conformation 

In the case of in vitro testing for substances capable of reverting an inactive p53 
conformation to an active conformation, cells carrying wt p53 can be grown in a 3- 
dimensional environment and the conformation and/ or activity state of p53 meas- 
ured, for example by any of the methods mentioned above, with and without, re- 
spectively, the addition of a substance for testing. A substance is considered func- 
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tional if it is found to be capable of changing the conformation and/ or activity of 
inactive wt p53. Alternatively, cells with wt p53 could be irradiated in order to in- 
duce the inactive wt p53 conformation, exposed to a substance to be tested, and 
thereafter analysed for p53 conformation and/ or activity. Alternatively, a cell natu- 
5 rally displaying an inactive wt p53 conformation could be utilized or an inactive wt 
p53 conformation could be induced by other means, the cell thereafter being ex- 
posed to a substance to be tested, and analysed for inactive p53 state. 

A tissue, an organ, or a part thereof, from a human or from an animal could also be 
10 cultured, treated and used for the inventive testing as described for cells in vitro 
above. Although such models sometimes are referred to as ex-vivo models, when 
used in the inventive method of testing of substances herein, such method is con- 
sidered to be a method of in-vitro testing. 

15 Alternatively, in-vitro testing of substances could be performed in models of angio- 
genesis. In vitro examples include, but are not limited to, tube forming assays of 
endothelial cells, outgrowth of blood vessels from stem cells, outgrowth of blood 
vessels from an isolated vessel originating from an animal or human, or analysis of 
endothelial cells in tissue culture. 

20 

An in-vitro testing procedure could thus for example include the following general 
steps: 

A. Providing cells carrying wt p53 in intro, and inducing inactive wt p53 confor- 
mation if not already present; 
25 B. Exposing the cells to a substance to be tested; and 

C. Measuring the cellular level of inactive wt p53 conformation, directly or indi- 
rectly for example by any of the above-mentioned methods. 

Step C is typically performed both before and after exposing the cell in step B to a 
30 substance to be tested. 

In vivo testing of substances for ability of transferring wild type p53 from its 
inactive conformation into an active conformation 
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Likewise, wt p53 conformation and/ or activity could be assessed in vivo. For exam- 
ple, melanoma ceUs xenografts could be used in vivo to test substances for their ca- 
pacity of reverting an inactive p53 conformation to active p53. In this case, an ani- 
mal carrying such tumour xenograft would be treated with a substance to be 

5 tested, and the effect of this substance on wt p53 conformation and activity meas- 
ured as described above. Alternatively, testing of substances could be carried out in 
animal melanoma models, where melanoma is occurring naturally or is provoked 
within the animal by treatment e.g. by UV-radiation and/or by carcinogenic chemi- 
cals and/or by genetic modifications. Administration of test substance to the ani- 

10 mal can be performed i.v., i.p., s.c, intratumouxal, or otherwise. 

Alternatively, in-vivo testing of substances could be performed in models of angio- 
genesis. Examples of in-vivo models include, but are not limited to, stimailation of 
angiogenesis in the chick embryo chorioallantoic membrane, stimulation of angio- 

15 genesis by a transplant of extracellular matrix or comparable substances onto mice 
or onto another animal, stimulation of angiogenesis in the cornea by an angiogenic 
compound, stimulation of angiogenesis in the retina by hypoxia, analysis of devel- 
opmental angiogenesis in the retina or elsewhere, and induction of angiogenesis by 
a tumour xenograft or another type of xenograft. Measurement of angiogenesis is 

20 performed by a quantification of the number of blood vessels within the tissue 

and/ or by quantification of vascular cell mairkers and/ or by measurement of vascu- 
lar cell apoptosis and/or of vascular cell proliferation and/or by similar means. 

An in-vivo testing procedure could for example comprise the following general steps: 
25 A. Providing an animal expressing wt p53 in a tissue thereof, wherein inactive 
wt p53 conformation is present; 

B. Exposing cells of the tissue of the animal in vivo to a substance to be tested; 
and 

C, Measuring the cellular level of inactive wt p53 conformation, directly or indi- 
30 rectiy, for example by any of the above-mentioned methods. 

Step C is typically performed both before and after exposing the cell in step B to a 
substance to be tested. 
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Alternatively, and as illustrated in Figure 4G positive testing of a compound can 
also be established by comparing the effect of the tested substance in cells or tis- 
sues canying functional p53 to the effect on cells or tissues with no or non- 
functional p53. Obviously, the observable effect can for example relate to a reduced 

5 tumour volume or weight, or number of tumour cells or induction of apoptosis or 
indications thereof, e.g. as described in Figure 4. Accordingly, in the above in vivo 
and in vitro methods, instead of step C, an altemative step C can be used compris- 
ing comparing the effect of the tested substance on the cells or tissue (carrying 
functional p53) in step B to the effect on cells or tissues with no or non-functional 

10 p53. 

Altematively, testing of a compound can also be tested by comparing the effect of 
the tested substance on other physiological or pathological mechanisms where wt 
p53 conformation could play em active role for the regulation, e.g. in angiogenesis 
15 as motivated above. In such cases, the observable effects could be the effect of the 
tested substance on the particular physiological or pathological events, e.g. the 
amount of newly formed blood vessels formed by angiogenesis and/ or the amount 
of apoptosis or indications thereof in vascular cells. 

20 The animals are typically sacrificed after the above-described in-vivo testing of sub- 
stances. 


